We consider the generation of the baryon asymmetry of the universe through R-parity violation in a scenario in which the out-of-equilibrium condition is satisfied by making the electroweak phase transition first order. We study all the R-parity-violating interactions which can generate (BϪL) asymmetry which then converts to the baryon asymmetry of the universe. We demonstrate that CP-violating sfermion decays contribute more than that of the neutralino decays in the generation of (BϪL) asymmetry. ͓S0556-2821͑97͒03006-3͔
I. INTRODUCTION
The baryon asymmetry of the universe ͓1͔ can be generated at a very high energy, but in most likelihood will be washed out at a later stage ͓2,3͔. So a great deal of interest started in scenarios where the baryon asymmetry is generated during the electroweak phase transition ͓4-6͔. The most popular one tries to generate the baryon asymmetry in the standard model or in its minimal extension with two Higgs doublets, where the electroweak phase transition is required to be weakly first order. The anomalous baryon number violation ͓2͔ in the standard model due to quantum effects becomes very fast at the electroweak scale in the presence of the sphaleron fields ͓3͔. There is provision for enough CP violation in the two Higgs doublet models. The out-ofequilibrium condition is satisfied by making the phase transition first order. However, the condition that after electroweak phase transition this asymmetry will not be washed out constrains these models most severely ͓7͔. This requires the Higgs boson mass to be less than about 80 GeV. So if the experimental lower bound on the Higgs boson mass is increased beyond this value, then this scenario will fail to explain baryogenesis.
Another interesting scenario has recently been proposed by Masiero and Riotto ͓8͔, where they also generate baryon asymmetry at around the time of the electroweak phase transition. They work in the context of the supersymmetric model. They first generate lepton number asymmetry through R-parity-violating decays of the lightest neutralino. The interference of the tree level diagram and the one loop diagram with superparticles in the loop gives rise to rephasing-invariant CP violation in this model. The out-ofequilibrium condition is satisfied by considering the electroweak symmetry-breaking phase transition to be first order. Unlike the other classes of models ͓4-6͔, here the anomalous baryon number violation converts the lepton number asymmetry ͓12,13͔ ͓and hence (BϪL) asymmetry͔ to baryon asymmetry during the electroweak phase transition. As a result anomalous baryon number violation is required to be present even after the electroweak phase transition and hence there is no upper bound on the Higgs boson mass.
In this model since lepton number asymmetry is generated at the electroweak scale, the bounds ͓14͔ on the mass of the heavy right-handed neutrinos from baryogenesis, which arise from the decay of these particles are not valid. The direct bound on the masses of the left-handed neutrinos and the bound on the right-handed neutrinos arising from the scattering processes involving the right-handed neutrinos are still valid ͓15͔. Otherwise the lepton asymmetry generated by the decay of neutralinos or sfermions would be washed out by these processes before they are converted to baryon asymmetry. However, this scenario has several shortcomings, which also apply to our present extension. For example in this model to produce lepton asymmetry one needs to generate particles with a mass larger than the Higgs boson mass through bubble collision. For this one requires the bubble wall velocity close to the speed of light which in general is very difficult to achieve.
In this article we point out that in addition to the lightest neutralino, the sfermions can also contribute to the generation of the lepton asymmetry and hence baryon asymmetry of the universe in the model of Ref. ͓8͔. We assume that the sfermions are not too heavy compared to the mass of the lightest neutralino. As a result when the neutralinos are generated through the decay of the false vacuum, it also produces sfermions, which in turn, contribute to the generation of baryon asymmetry. We shall not repeat the details of the model ͓8͔. We shall study all possible diagrams which can generate lepton number asymmetry in the R-parityviolating models and hence can contribute to the generation of the baryon asymmetry.
In the next section we briefly review the model pointing out how the decay of the sfermions can contribute to the generation of baryon asymmetry. In the following section we describe all the diagrams contributing to the generation of lepton asymmetry in this scenario. The amplitudes for these diagrams are then computed and it is shown that in many cases the contribution of the decay of the superparticles are more than that of the lightest neutralino. We then summarize our result in the last section.
II. THE MODEL
In this section we shall briefly describe only the relevant features of the model of Ref. ͓8͔ and then point out why the decay of the sfermions can also contribute to the generation of the baryon asymmetry of the universe. The electroweak phase transition is assumed to be first order. This means that if T 0 is the temperature at which the potential is flat at the origin, and v(T 0 ) is the vacuum expectation value ͑VEV͒ of *Electronic address: rathin@prl.ernet.in PHYSICAL REVIEW D 15 MARCH 1997 VOLUME 55, NUMBER 6 
